Enzymatic Extract Fractionation of (Cymbopogon winterianus Jowitt) Citronella through Supercritical Carbon dioxide (SC-CO2)  by Malaluan, Lloyd Arvin M. & Malaluan, Roberto M.
 Procedia Chemistry  16 ( 2015 )  656 – 662 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.005 
ScienceDirect
>D5B>1D9?>1<)I=@?C9E=?>@@<95485=9CDBI
)

>JI=1D93HDB13DB13D9?>1D9?>?6 <0%232*21:,17(5,$186
2:,77 9DB?>5<<1D8B?E78)E@5B3B9D931<1B2?>49?H945)%
"<?I4BF9>##1<1<E1>1(?25BD?##1<1<E1>1
$(3$570(172)+(0,&$/1*,1((5,1*!(&+12/2*< "/,*$1167,787(2)!(&+12/2*<21,)$&,29(
/,*$1,7<		+,/,33,1(6
 "$$:$1281'$7,21)25 &,(1&($1'!(&+12/2*<(9(/230(171&$$:$1+,/,33,1(6
 !!
I=2?@?7?>G9>D5B91>EC ?G9DD?B39DB?>5<<1 9CC194D?251>9>C53DB5@5<<1>D1>4ECE1<<I@<1>D549>D85I1B49>D85&89<9@@9>5C>
D89C CDE4I 5>JI=1D93 5HDB13DC?6 39DB?>5<<1G5B5 6B13D9?>1D54EC9>7 CE@5B3B9D931< 31B2?>49?H945 5HDB13D9?> D?81F549665B5>D ?9<
5HDB13DC9>D8B5549665B5>D@1B1=5D5BC
=571@1C31<
#&1
=571@1C31<
#&11>4
=571@1C31<
#&11D3?>CD1>D
D5=@5B1DEB51D
L5<C9EC*8589785CD?9<I95<49C1D
#&1G9D81>1F5B175?6
6?BD8B55DB91<C?65HDB13D9?>6?<<?G542I

#&11>4
#&1G9D81>4%9< 5HDB13D1D
#&1G1CCE2:53D54D?71C38B?=1D?7B1@8I =1CCC@53DB?=5DBI#)
1>46?E>46?EB3?=@?>5>DC9>G8938=5D8I<=5D8I<5D8I<293I3<585H1>?<?BDB1>CC129>5>58I4B1D51>4=5D81>?<?
#5>D85>5?B5<5=?<G1C D85=1:?B3?=@?E>4C*85@EB53BE455>JI=1D935HDB13D
#&11>4
#&1CE@5B3B9D931<31B2?>
49?H9455HDB13DCG5B5CE2:53D54D?61DDI1394@B?69<9>7DG5<F5 6B5561DDI1394G5B56?E>41D@EB53BE455>JI=1D935HDB13DG89<5
>9>56B5561DDI1394G5B56?E>41D
#&11>4
#&1CE@5B3B9D931<31B2?>49?H9455HDB13DC"1EB939C3?>C9CD5>D<I89785CD9>
D5B=C?6G5978D2IG5978D9>D8B555HDB13DCD81DG5B5CE2:53D54D?6B5561DDI1394@B?69<9>7*89CCDE4I31>25EC541C21C9C 6?B
17B93E<DEB1<1@@<931D9?>C9>6??41>4@81B=135ED931<C9>35D85B59C>?D8?B?E78CDE4I?6D856B13D9?>1D9?>?65>JI=1D935HDB13D?6
39DB?>5<<1
K 
 *85ED8?BC&E2<9C8542I<C5F95B,
&55BB5F95GE>45BB5C@?>C929<9DI?6(5C51B385>D5B6?B85=9CDBI>4?>5C91>>CD9DED5?6)395>35C
(<:25'6 )E@5B3B9D931<31B2?>49?H94539DB?>5<<171C38B?=1D?7B1@8I =1CCC@53DB?C3?@I61DDI1394@B?69<9>7
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
Available online at www.sciencedirect.com
 Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 657
 
!"!
<0%232*21:,17(5,$1862:,77 ?B39DB?>5<<19CF5BI3?==?>9>)?ED851CDC919DC6B17B1>D>1DEB1<?9<9CEC541C
1>9>C53DB5@5<<1>D4E5D?9DC49CD9>3DC=5<<9DB?>5<<19C1@5B5>>91<7B1CCG89387B?GCD?185978D?6655DD9C
25CD 7B?G> 9> DB?@931< 3?E>DB95C *85B5 1B5=1>I CDE495C 12?ED 39DB?>5<<1 5HDB13DC 8I4B?49CD9<<54 5CC5>D91< ?9< ?6
6B5C8 15B91< @<1>DC G1C 6?E>4 D? 81F5 696DI 3?=@?E>4CG8938 G5B5 945>D96954 D8B?E78 71C 38B?=1D?7B1@8I =1CC
C@53DB?C3?@I 9>G8938D85=19>3?=@?>5>DC1B5 <9>1<??<39DB?>5<<?<1>475B1>9?<D85?9<G1C1<C?6?E>4D?5H8929D
<?G 1>D9=93B?291< 13D9F9DI B5C8 <51F5C G5B5 1<C? CDE4954 1>4 6?E>4 ?ED D81D 9D 3?>D19>C =1:?B9DI ?6 75B1>9?<
39DB?>5<<1 1>4 39DB?>5<<?< 1>?D85B CDE4I 6?3EC5C ?> D85 56653D ?6 6B5C8 <51F5C 5HDB13D D? D85 3?>FE<C9?>C ?> D85
21B29DEB1D59>4E354C<55@9>7D9=5?>=1<5CG9CC=935 9DB?>5<<1G1CG945<ICDE4954@<1>D2ED<9DD<59C;>?G>6?B 9DC
381B13D5B9J1D9?> ?> 5>JI=1D93 6B13D9?>1D9?> EC9>7 CE@5B3B9D931< 31B2?> 49?H945 9> G8938 D89C CDE4I 6?3EC5C
>JI=1D935HDB13D9?>EC5C5>JI=5D?457B145D8535<<G1<<CD89C=1;5C5HDB13D9?>?6D85?9<=E3851C95B )9>359D
=1;5CD855HDB13D9?>51C95B 9DG1CD85>3?=29>54G9D8CE@5B3B9D931<31B2?>49?H945)%6B13D9?>1D9?>D?D5CD96
D853?=29>54=5D8?4G9<<81F549665B5>D61DDI1394@B?69<56B?=49665B5>D6B13D9?>C1>4945>D96931D9?>?63?=@?E>4C
6B?=
#&16B13D9?>C


  83(5&5,7,&$/&$5%21',2;,'()5$&7,21$7,21
)E@5B3B9D931< 1B2?> 49?H945 )% 6B13D9?>1D9?> 9C F5BI EC56E< 5C@5391<<I G85> 3?>4E3D9>7 5H@5B9=5>DC
EC9>7>1DEB1<@B?4E3D3BE455HDB13DC2531EC5)% 31>25@5B6?B=541D<?G5BD5=@5B1DEB5CD81D@B5C5BF5?B979>1<
3?=@?C9D9?>1>4@B?@5BD95C?65HDB13DC
>?D85B 14F1>D175 ?6D89C5HDB13D9?>9CD81D% 9C>?> D?H93>?> 6<1==12<5>?> 3?BB?C9F5>?> 5H@<?C9F5
3851@1>4B5149<I1F19<12<59>2E<;AE1>D9D95CG9D818978457B55?6@EB9DI% 1<C?81C<?G3B9D931<D5=@5B1DEB51>4
@B5CCEB5G8938=1;59D 9451<C?<F5>D 6?B>1DEB1<@B?4E3DCC9>35D85ID8EC>?DE>45B7?D85B=1<457B141D9?>4EB9>7
D856B13D9?>1D9?>@B?35CC
*85CE@5B3B9D931< C5@1B1D9?> D538>?<?7IEC9>731B2?>49?H9451C C?<F5>D=1;5C@?CC92<5>?D?><I D8545C97>?6
5>F9B?>=5>D 6B95>4<I @B?35CC 2ED 1<C? D85 @B?35CC9>7 ?6 29?<?7931< =1D5B91<C 1>4 D85 @?CC929<9DI ?6 ?2D19>9>7
@B?4E3DC 6B55 ?6 C?<F5>D B5C94E1<C 1>4 EC9>7 D85 @B?@5BD95C ?6 CE@5B3B9D931< 31B2?> 49?H945G5 31> 6B13D9?>1D5 D85
5>JI=1D933BE455HDB13D 6B?=D85=1D5B91<D?25D5CD54

 5$&7,21$7('52'8&76$1'7+(1'8675<
)E@5B3B9D931< 6<E945HDB13D9?>45=?>CDB1D5C D85129<9DI D?@EB96IC5F5B1< DI@5C?6CEB613D1>DCG8938 9C 9=@?BD1>D
6?B@81B=1C?<ED9?>C)9>353?==?>@81B=11@@<931D9?>C81C255> @B?35CC54G9D8DB149D9?>1<D538>?<?795C)%
C5@1B1D5C=1D5B91<C?>D8521C9C?6C?<E29<9DI>?DF1@?B@B5CCEB51>4D8EC9D31>@EB96I851DC5>C9D9F5=1D5B91<CD81D
31>>?D 25 @B?35CC54 2I 49CD9<<1D9?> )% =5D8?4 G1C EC54 D? @B?4E35 C?<F5>D 6B55 5HDB13D 1>4 G9<< 25
3?>35>DB1D549>D8513D9F53?=@?>5>DC?6D85?9<
B13D9?>1D9?> 9C 1 D5B= EC54 9> D85 =5D8?4 ?6 3?>DB?<<9>7 D85 @1B1=5D5B @1BD93E<1B<I 9> D85 @B5CCEB5
H@5B9=5>D9>7G9D849665B5>D@B5CCEB5C
#&1
#&1
#&131>5HDB13D49665B5>D3?=@?E>4CECE1<<IC1=@<5C
1D 
#&1 B5CE<D54 D? <?G F?<1D9<5 3?=@?E>4C D81D 9C 3?==?><I EC54 9> 1B?=1D93 @5B6E=5 6?B=E<1C 96 6EBD85B
9C?<1D9?>G9<<254?>5)1=@<5C1D
#&11>4
#&11B5ECE1<<ID5CD546?B61DDI13943?=@?>5>DG893831>25EC5
6?B 49665B5>D 9>4ECDBI G8938 45@5>4C ?> D85 @5B35>D175 ?6 C@539693 61DDI 1394 3?>D5>D )?=5 1BD93<5C 39D54 D81D
C5<53D54=54931<3?=@?>5>DC1B53EBB5>D<I259>7@B?35CC54G9D8CE@5B3B9D931<6<E94CD?B5=?F5E>45C9B54C@5395C?B
G81DG531<<1CD85@EB96931D9?>@B?35CC
>D89CCDE4ID5CD?63?=29>54=5D8?4C?65>JI=1D935HDB13D9?>1>4)% 6?B49665B5>D61DDI1394@B?69<51>4
945>D96931D9?>?63?=@?E>4C6B?=
#&16B13D9?>C1B5D85<9=9D1D9?>C
658   Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 
 !$
*89CCDE4I9C3?=@?C54?6D8B55CD175C
>JI=1D93HDB13D
)% B13D9?>1D9?>
)1=@<5>1<IC9C

 1=<0$7,&(;75$&7
*85 5>JI=1D93 5HDB13D G1C ?2D19>54 6B?= D85 2I@B?4E3D B5C51B385C ?6 5@1BD=5>D ?6 7B93E<DEB5 9?D538
7B93E<DEB1<(5C51B38(&89<9@@9>5C#9HDEB5?65>JI=5CG1C31BB954?EDD?D85@<1>DC1=@<5C D??2D19>
D855>JI=1D935HDB13DC
   )5$&7,21$7,21
*85;93?)E@5B3B9D931<1B2?>49?H945)%C5DE@G1CEC546?B6B13D9?>1D9?>*89C1@@1B1DEC31>?@5B1D5
1D D5=@5B1DEB5C25DG55>
 1>4
 L 1>4@B5CCEB5CE@ D?
#&1 B13D9?>1D9?> 5H@5B9=5>DCG1C 3?>4E3D54
EC9>7@EB5% D85C1=5C1=@<5G1CEC54 6?B
#&1
#&11>4
#&11D3?>CD1>D D5=@5B1DEB5?6
LG9D8
6B13D9?>1D9?> D9=5 6?B DG? 8?EBC 6?B 5138 @1B1=5D5B *85 6B13D9?> G1C 3?<<53D54 EC9>7 
=" 7<1CC DE25C 9> D85
C1=@<53?<<53D9?>G8938G9<<25G597854@B5F9?EC<I2I1>1>1<ID931<21<1>351>4G9<<25B5G5978541719>16D5BD85
C1=@<53?<<53D9?>1>431<3E<1D546?BD85?9<I95<4
  $03/($1$/<6,6
?BD85C1=@<51>1<IC9CD85
#&15HDB13DCG1CCE2:53D54D?71C38B?=1D?7B1@8I =1CCC@53DB?=5DBI#)
)89=14JE'&

G9D8)E@5<3?)&6EC5431@9<<1BI3?<E=>
?9>:53D?B@?BDD5=@5B1DEB51>485<9E=1C71C
31BB95B 6?B 945>D96931D9?> ?6 @?CC92<5 3?=@?E>4C @B5C5>D 9> D85 C1=@<5 *85 
#&1 1>4 
#&1 5HDB13DC G5B5
CE2:53D54 D? D85 61DDI1394@B?69<9>72I71C38B?=1D?7B1@8I )89=14JE

G9D8)&
31@9<<1BI3?<E=>
EC9>7D85=5D8?42I8B9CD95G9D8?@5B1D9>7D5=@5B1DEB5?6
457B555<C9EC1>46EBD85B9>3B51C5D?
457B55
5<C9EC
  "! 	 "   

 ,/<,(/'
*B9@<931D5C1=@<5G1C?2D19>546B?=D856B13D9?>1D9?>EC9>7CE@5B3B9D931<31B2?>49?H945)8?G>9>697EB5D85
@5B35>D?9<I95<4?65>JI=1D9339DB?>5<<15HDB13DC 
#571@1C31<#&15HDB13DC81CD8589785CD?9<I95<41D

6?<<?G542I
#&1G9D8 1>4
#&1G9D8
 Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 659
97EB5&5B35>D%9</95<4?6>JI=1D939DB?>5<<1HDB13DC
 
	$5$&7,21$7,212)1=<0$7,&,7521(//$;75$&7
*85
#&16B13D9?>9C1>5CC5>D91<?9<?65>JI=1D9339DB?>5<<15HDB13D1CC8?G>9>97EB5945>D969542I71C
38B?=1D?7B1@8I =1CC C@53DB?C3?@I *85B5 1B5 6?EB 3?=@?E>4C 6?E>4 9> 
#&1 5HDB13D 39DB?>5<<1 9> G8938 
=5D8I<=5D8I<5D8I< 293I3<? 85H1>?< ?B DB1>C C129>5>5 8I4B1D5 1>4 =5D81>?<?#5>D85>5 ?B 5<5=?<
G1CD85=1:?B3?=@?E>4C%D85B3?=@?E>4C1B549=5D8I<?3D1495>?< ?B75B1>9?< 1>41<@813149>?<*85
3?==?>EC5C?6DB1>CC129>5>58I4B1D51B59>3?C=5D93C6<1F?EB1>46B17B1>35
97EB58B?=1D?7B1=?65>JI=1D9339DB?>5<<1
#&15HDB13D
*12<5C8?GC DB1>CC129>5>51>45<5=?<1C D85=1:?B3?=@?E>4C1>4 9DC3?==?>EC5C1B56?B 6<1F?EB9>71>4
6B17B1>35C=9HDEB5
*12<5+C5C?6=1:?B3?=@?E>4C 6?E>49>
#&15>JI=1D9339DB?>5<<15HDB13D
"   
*B1>C C129>5>5 ?C=5D93C6<1F?EB1>46B17B1>35
<5=?< B17B1>35
660   Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 
$77<$&,'352),/,1*2)&,7521(//$(1=<0$7,&(;75$&7	$$1'	$)5$&7,216
*12<5C8?GCD8561DDI1394@B?69<9>7?649665B5>D5HDB13DC?65>JI=1D9339DB?>5<<1"1EB939C3?>C9CD5>D<I
89785CD9>D5B=C?6G5978D2IG5978D9>D8B555HDB13DC*85@EB53BE455>JI=1D939C6B?=&+G89<5D85
#&1
1>4
#&11B5 D85 5>JI=1D93 5HDB13DC 6B?=&+ 9>G8938 E>45B7?5C CE@5B3B9D931< 31B2?>49?H945 5HDB13D9?>
"1EB93 9C=E38 89785B 9> D85 @EB5 3BE45 5>JI=1D93 5HDB13D 6?<<?G54 2I 
#&1 1>4 
#&1 5HDB13DCED 6?B D85
5CC5>D91< 61DDI 1394 <9>?<593?B ?=571 D85 89785CD 9C 1D 
#&15HDB13DC 6?<<?G542I
#&11>4 <1CD<I D85@EB5
3BE455HDB13D$?>1>?93$?>14531>?931>4585>93G5B5>?D6?E>49>
#&11>4
#&15HDB13DC
*12<51DDI1394@B?69<5?6@EB53BE455>JI=1D935HDB13D
#&11>4
#&16B13D9?>C
1DDI394 &EB5BE45>JI=1D93
G	G

#&1G	G 
#&1G	G
1@B?93 
 
 

1@BI<93 
  
$?>1>?93 
  
1@B93
   
"1EB93   
#IB9CD93   

&1<=9D93   
)D51B93   
%<593   
"9>?<593 
  
$?>14531>?93 
  
585>93 
  
$(1D9? 
  
CC5>D91<1DDI394$$?>CC5>D91<1DDI394
203$5,6212)203281'6)520 5$&7,21$7('  1=<0$7,&,7521(//$96211=<0$7,& 
;75$&7,21
*12<5?=@1B9C?>?6?=@?E>4C6B?=B13D9?>1D54)% >JI=1D939DB?>5<<1FC$?>>JI=1D93
)% HDB13D9?>
B13D9?>1D54)% >JI=1D939DB?>5<<1 $?>>JI=1D93)% HDB13D9?>
*B1>C )129>5>5
<5=?<
5B1>9?<
<@81 3149>?<
9DB?>5<<1<
9DB?>5<<?<
5B1>9?<
 5<5=5>5
5B=13B5>5 
<5=?<
5B=13B549>?<
-1>I55D1<

?=@1B9>7D85DG?=5D8?4C?><IDG?3?=@?E>4C1B5C9=9<1BD85C51B55<5=?<1>475B1>9?<*1;5>?D5D81DD85
41D1=1I49665B2531EC5?6D85DI@51>4D85AE1<9DI?6D85C1=@<5569>9D53?>3<EC9?>C31>254?>5?>35D85C1=5
C1=@<5EC56?B5>JI=1D935HDB13DG9<<255HDB13D54G9D8?EDD85DB51D=5>D?65>JI=5
 Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 661
 "$"  

,/<,(/'$1')$77<$&,'352),/,1*
?B 5>JI=1D93 39DB?>5<<1 D85 89785CD I95<4 9C 1D 
#&1 CE@5B3B9D931< 31B2?> 49?H945 5HDB13D *B1>C C129>5>5
8I4B1D51>45<5=?<G1CD85=1:?B3?=@?E>4C?B61DDI1394 @B?69<9>7<1EB939C3?>C9CD5>D<I89785CD9>D5B=C
?6G5978D2IG5978D9>@EB53BE455>JI=1D93
#&11>4
#&1CE@5B3B9D931<31B2?>49?H9455HDB13DC
03257$1&(2))$77<$&,'6
1DDI 1394C C 1B5 3?=@?E>4C 3?>D19>9>7 1 <?>7 8I4B?31B2?> 3819> 1>4 1 D5B=9>1< 31B2?HI<93 7B?E@*G?
=1:?B @8IC9?<?7931< B?<5C ?6 61DDI 1394C 1B5 ?>5 2E9<49>7 2<?3;C ?6 @8?C@8?<9@94C 1>4 7<I3?<9@94C 9> 29?<?7931<
=5=2B1>5C1>4DG?16E5<=?<53E<5CC3819><5>7D81B54569>54D?D85>E=25B?631B2?>1D?=C6B?= C8?BD3819>
  31B2?> 1D?=C D? F5I <?>7 3819> 61DDI 1394C 
 31B2?> 1D?=C G9D8 1 35BD19> 457B55 ?6 C1DEB1D9?> D85
@B5C5>35 ?B 12C5>35 ?6 4?E2<5 2?>4C *85B5 1B5=?B5 D81> 

 49665B5>D C 9> >1DEB5 9> G8938 6?B @<1>DC 1>4
1>9=1<C D85@B54?=9>1>D 1B5@1<=9D93?<593 <9>?<5931>4 CD51B931394C"9>?<5931>4 <9>?<5>931394C1B5 9=@?BD1>D
5CC5>D91<61DDI1394CB5AE9B546?B7B?GD8@8IC9?<?7931<6E>3D9?>C1>42?4I=19>D5>1>35
*8512E>41>35?6E>C1DEB1D5461DDI1394C<9;5<9>?<5931>4<9>?<5>9361DDI1394C9>?9<9C45C9B12<56B?=>EDB9D9?>1<
1>4851<D8@?9>DC?6F95G1CE>C1DEB1D5461DDI13943?>CE=@D9?>CG9<<>?D<514D?851BDB5<1D5449C51C5C1>4?9<B9389>
E>C1DEB1D5461DDI1394C81F5255>B5@?BD54 D?B54E35 D85B9C;?6851BD49C51C5C1CC?391D54G9D838?<5CD5B?<&<51C5
D1;5>?D5D81D39C E>C1DEB1D5461DDI139425>49>8I4B?31B2?>3819><9;5<9>?<59313949C25DD5BD81>E>C1DEB1D54C
DB1>C9C?=5BCDB1978D8I4B?31B2?>3819>G8938D853?>697EB1D9?>9CC9=9<1BD?D81D?6C1DEB1D54CG893831>25
45@?C9D549>8E=1>149@?C5D9CCE5
<D8?E78 9D =978D 25 D81D C?=5 =1:?B9DI ?6 D85 C1=@<5C 81F5 C1DEB1D54 61DDI 1394C D89C 4?5C >?D 9=@<I D81D
C1DEB1D5461DDI1394C1B5>?DEC56E<D1;9>7C1DEB1D5461DDI1394C1D45C9B12<51=?E>D31>2525>569391<)1DEB1D5461DC
<9;5=IB9CD931>4<1EB93@<1I;5IB?<5C9>9==E>5851<D8)D51B9313?==?>C1DEB1D5461DDI13949C3?==?><IEC549>
D85 @B?4E3D9?> ?6 @81B=135ED931< D12<5DC 1>4 31@CE<5C 9D 9C 1<C? 1 CD12<5 21C5 6?B= 6?B 45?4?B1>DC <?D9?>C 1>4
3B51=C*89CCE2CD1>359C1<C?EC549>=1>I6??4@B?4E3DC4E5D?9DCCD129<9DI4EB9>7CD?B1751>46BI9>75F5>D8?E78
9D9C1C1DEB1D5461D9DC55=CD?81F5<9DD<556653D?>38?<5CD5B?<<5F5<C9>D852<??4*85B51C?>9CD81D8978@B?@?BD9?>
?6 CD51B931394 9C3?>F5BD54 D??<5931394G8938 9C=?>?E>C1DEB1D54 61D%D85BEC5C 9>3<E45@B5F5>D9>7?H949J1D9?>
1>43?==?><IEC54D?3?1D=5D1<@?G45BCCE381C9B?>1>41<E=9>9E=CEC5C1B5F1B95445@5>49>7?>D85>554C
?6D859>4ECDBID81DG9<<6EBD85B45F5<?@D?3?==5B391<9J59>1<1B75C31<521C9C
203$5,6212)&203281'6)520  $1'&219(17,21$/(;75$&7,21
*85B51B5?><I6?EB3?=@?E>4C6?E>49>)% 5HDB13D9?>9>G8938DB1>CC129>5>58I4B1D51>45<5=?<G1CD85
=1:?B3?=@?E>4C?D85B3?=@?E>4C1B549=5D8I<?3D1495>?<1>41<@813149>?<?=@1B9>7D89C41D1G9D8
D85 CDE4I D? ?D85BC 9> G8938 D85I 6?E>4 696DI 3?=@?E>4CG5B5 <9>1<??< 39DB?>5<<?< 1>4 75B1>9?< G1C 6?E>4 6B?=
8I4B? 49CD9<<54 5CC5>D91< ?9< ?6 @<1>D *89C CE775CDC D81D ?>5 31> 9C?<1D5 49665B5>D 3?=@?E>4C 6B?= )%
3?=@1B54D?3?>F5>D9?>1<5HDB13D9?><D8?E78D89C=978D2517??46EBD85BF5B96931D9?> CDE495C 9>D856EDEB512?ED
D853?=@1B9C?>?65HDB13D9?>=5D8?46B?=D85C1=5@<1>DC1=@<5@<EC9C?<1D9?>1>4945>D96931D9?>?63?=@?E>4C
1=<0$7,&  5$&7,21$7,21
33?B49>7 D? <9D5B1DEB5C 5>JI=1D93 5HDB13D9?>C =1;5 D85 6B13D9?>1D9?> ?6 ?9< =E38 51C95B 1>4 9=@B?F54 ?9<
5HDB13D9?>*89C9C1@B5<9=9>1BID81D381B13D5B9J54D8561DDI13946B?=49665B5>D6B13D9?>1>4945>D96ID853?=@?E>4C
6B?=
#&16B13D9?>&B5<9=9>1BI41D1?6?9<I95<4G1C1<C??2D19>54%@D9=9J1D9?>1>43?=@1B9C?> 6B?=D85C1=5
C1=@<5G9D8?ED5>JI=5DB51D=5>D1B5D85B53?==5>41D9?>C?6D89CCDE4I
662   Lloyd Arvin M. Malaluan and Roberto M. Malaluan /  Procedia Chemistry  16 ( 2015 )  656 – 662 
#! 
*89C B5C51B38 CDE4I 9C 6E>4542I5@1BD=5>D ?67B93E<DEB5 EB51E?6 7B93E<DEB1<(5C51B38 ( 1>4
 9?D538 &89<9@@9>5C G9D8 69>1>391< =1>175=5>D 81>4<54 2I #)+$11G1> ?E>41D9?> ?6 )395>35 1>4
*538>?<?7I 5F5<?@=5>D >3 #)+$)* &89<9@@9>5C )@5391< D81>;C D? 5@1BD=5>D ?6 85=931<
>79>55B9>71>4*538>?<?7I#)+*
 
 #1<5<5()#G1>79 -*8?9D89$!92G175%"?@5J#"0E>9>?#&"?@5J0I714<? %<9F1##5=?#) 66(17,$/
,/ 2) <0%232*21 :,17(5,$186 2:,77 )520 !$1=$1,$ 20326,7,21 $1' 17,0,&52%,$/ &7,9,7<  ?6 5CC5>D91< ?9< 251B9>7  @<1>DC




 )9<F1#(.9=5>5C(#1?CD1 "51<"!5"?@5C,91>1) 203$5$7,9($17,&2198/6(17$&7,9,7,(62)7+((66(17,$/2,/6)520
<0%232*21:,17(5,$186-2:,77$1'&<0%232*21&,75$7(667$3),10,&($1E>I>)38=954525B7CB38&81B=13?<


#1B91>? ( ?EB9 ) B59D1C )& 1=<0$7,& !(&+12/2*< 72 03529( ,/ ;75$&7,21 )520$5<2&$5 %5$6,/,(16( $0% (48, 8/3
(5FB1CBED93 12?D93121<


 (5F5B538?>?>C9%CC5?") 2'(/,1* 2)  83(5&,57,&$/ /8,';75$&7,21 )520(5%$&(286$75,&(6 >4ECDB91< 1>4>79>55B9>7
85=9CDBI(5C51B38
 9<# 5B>1B4?1CAE9<8?##5B3545C#<25BD9>1(#  83(5&5,7,&$/)/8,'(;75$&7,212)),*/($)*285'6(('62,/ )$77<$&,'
20326,7,21$1'(;75$&7,21.,1(7,&6 ?6)E@5B3B9D931<6<E94C


!BE;E>9C,BE>>5B&5BBED# 1'8675,$/3(5$7,216:,7+ 83(5&5,7,&$//8,'6855(1752&(66(6$1'(563(&7,9(621 7+(8785(
52&((',1*65' 17(51$7,21$/ <0326,8021 83(5&5,7,&$//8,'6!20(
3
 75$6%285*
-1>I 81)$971=!,&1>45I# +(0,&$/1$/<6,6$1'!+(5$3(87,&86(62),7521(//$,/)520<0%232*21#,17(5,$186
 +257(9,(:>D5B>1D9?>1< ?EB>1<?64F1>354(5C51B38


 ?>;1 91<?F1" $77<$&,'6120(1&/$785(&+$5$&7(5,=$7,213523(57,(6$1'87,/,=$7,21>CD?6#54931<9?385=9CDBI


"1G# ,(7$5< )$7$1'$'8/7',6($6($1'7+(,03/,&$7,216)25+,/'+22'1875,7,2113,'(0,2/2*,&$3352$&+0(5,&$12851$//,1,&$/
875,7,21


 
